Water-soluble extract of Coleus barbatus modulates weight gain, energy utilization and lipid metabolism in secondary biliary cirrhosisan experimental study in young rats 
Introduction
Atresia of the bile ducts is a serious cause of hepatobiliary disease in infancy, which presents a 100% mortality when untreated and has been the principal indication for liver transplants in children 1 . Ligature and resection of the bile duct in rats has been used as a model to simulate biliary atresia. However, few authors have applied this model in young rats 2 , which would be a more accurate biliary atresia model, as the majority of experimental studies have been performed in adult rats, where secondary infection appears to have a more important role than in young rats 3 . Cholestasis interferes in the feeding 4 , growth 5 and, especially, in lipid metabolism, as shown in both clinical studies 6 and experimental models. Several mechanisms have been suggested for this interference: 1) factors that may cause anorexia, thus contributing to malnutritionsecondary infections; zinc deficiency; gastroesophagic reflux due to compression of the stomach by hepatosplenomegaly and/or by ascitis; reduction of food ingestion by anorexia resulting in the increase of circulatory levels of cholecystokinin (CCK) 8 and of leptin 9 ; 2) reduction of the energy available for growth due to an increase in the basal metabolism 10 ; 3) poor lipid absorption, including essential fatty acids and liposoluble vitamins, due to the absence or reduction in the concentration of bile acids in the intestine 11 ; 4) reduction in cholesterol and bile acid excretion, besides an increase in the synthesis of cholesterol, which together elevate the serum concentration of cholesterol with possible deposits in tissues 12 ; 5) reduction in the production of the growth factor similar to insulin by the liver, increasing the resistance to growth hormone (HC), which reduces protein synthesis and muscular mass, stimulates lipolysis with the loss of fat storage and a reduces the growth rate 13 ; 6) alterations in the storage, activation, interconversion and synthesis of metabolites due to hepatic damage 14 . The prevention and treatment of these nutritional alterations directly or through hepatoprotective action is very important to improve the results of liver transplant 1 . These considerations led us to test a possible new therapeutic resource, a plant called Coleus barbatus, of the Lamiaceae family 15 (National Boldo, Brazilian Boldo or False Boldo) which is commonly used in popular Brazilian medicine in the treatment of liver problems.
The objective of the study was to test the possible effects of a water-soluble extract of Coleus barbatus on food energy utilization and lipid metabolism in young rats with secondary biliary cirrhosis obstruction of the common bile duct.
Methods

Collection and preparation of the water-soluble extract of Boldo (WEB)
The plant (Coleus barbatus) was collected fresh, in its natural habitat, in the district of Rubião Jr., Botucatu, during February 2000. It was identified and registered under the number BTU24169, in the Herbarium of the Botanical Department of the Biosciences Institute, UNESP -São Paulo State University, Botucatu, São Paulo. The leaves were oven-dried at 60º C for three days and then ground in a pestle until they constituted a fine powder. This was stored in hermetically sealed plastic flasks and labeled. The watersoluble extract was prepared by passing one liter of water at room temperature through a funnel with 60g of the powder placed in filter paper. The filtrate was stored in 10ml amber colored glass flasks, conserved in a freezer at -20 o C for up to eight weeks, while thawed aliquots were maintained in a refrigerator at -4 o C for use in a maximum two day period. Forty male Wistar rats were studied, born in the Pediatrics Experimental Laboratory of the Botucatu Faculty of Medicine -UNESP, of nulliparous females, weighing 180 to 220 g at the onset of gestation, provided by the Biotério Central of the Botucatu Campus -UNESP. From birth they were suckled in groups of six animals per dam until the 21 st day of life (P21). During this period and for the whole experimental period (P21 to P49), the animals were maintained in controlled environmental conditions -temperature between 22 to 23º C and a 12 hour light/dark cycle.
The ) 5.49
The ligature and resection of the common bile duct was performed according to the technique presented by Cameron and Oakley 3 with modifications 20 . The sham operation followed exactly the same technique described above with exception of the ligatures and common bile duct resection. Euthanasia was performed on P49, beginning with an intraperitoneal injection of sodium pentobarbital (concentration of 3g/100ml of solution), at a dosage of 0.0017 ml/g of animal weight, followed by posterior exsanguinaton. The blood and liver were collected for biochemical tests.
Observations and measurements
• Weight gain in g of the animals from P21 to P 49 using Mettler Toledo digital scales -model PB 3002, maximum weight = 3.100 g, minimum weight = 0.5 g, sensibility 0.1 g.
• Total quantity of feed ingested in g, (calculated using the feed offered and the feed rejected each day) from P29 to P49, using the digital scales.
• Feed energy utilization in g of weight gain/g of ingested feed from P29 to P49
• Liver wet weight in g, using the digital scales • Liver fat content (g of fat/100g of animal weight) by the gravimetric method extracting the fat with sulfuric ether using Soxhlet apparatus.
• Total serum cholesterol concentration in mg/dL by the automated colorimetric enzymatic method using Technicon ® equipment, model RAXT.
• Triacylglyceride serum concentration in mg/dL by the automated colormetric enzymatic method using Technicon ® equipment, model RAXT.
Descriptive Statistical Methods
The mean and standard deviation or median values of each group were calculated.
Comparative Statistical Methods
The results of each variable for the four experimental groups, were compared among themselves using the Sigma Stat program for Windows © 2.0, Jandel Corporation, according to the following stages: 1) verification of the normality and equality of variances of the values obtained from each group; 2) if these conditions were satisfied, two way analysis of variance was applied, where one factor was the administration or non-administration of WEB and the other the presence (double ligature and common bile duct resection) or absence of cholestasis (sham operation). This way, the effects of each factor were tested independent of the effect of the other, as well as the interaction between both factors; 3) when significant interaction between factors was found (p≤0.05), multiple paired comparisons were performed using the Student-Newman-Keuls (S.N.K.) method, identifying pairs of groups with significant differences among them (p of a≤ 0.05); 4) if the group measurements did not satisfy the criteria of item 1, mathematical transformations were performed, where the chosen formula satisfied the criteria of normality and equality of variance. This was the case for weight gain and energy utilization, substituted for their rank number.
The tables present the mean and standard deviation values of the variables that did not undergo transformation and the median of those values for which transformation was necessary. The graphs show the means (solid points), the standard deviations above and below the mean (lines) and the individual values (hollow points) of the measurements, or their transformations, performed on each experimental group
Results
1) Weight gain (WG), total quantity of ingested feed (IF) and feed energy utilization (EU).
Cholestasis, independent of the effect of WEB, was associated with a statistically significant reduction in WG p≤0.001); in IF (p≤0.001); and in EU (p=0.005). WEB was associated with a statistically significant reduction in WG (p=0.003); in IF (p≤0.001); and in EU (p=0.035) independent of the presence of cholestasis. There was no significant interaction between the administration of WEB and cholestasis in relation to WG (p=0.116), IF (p=0.173) and EU (p=0.330), see Figure 1 and Table 2 .
2) Liver wet weight (LWW) and liver fat content (LFC).
Cholestasis, independent of the effect of WEB, was associated with a statistically significant increase in LWW (p≤0.001) and LFC (p≤0.001). WEB was associated with a statistically significant decrease in LWW (p≤0.001) and LFC (p≤0.001), independent of cholestasis. WEB diminished the significant increase in LWW (p≤0.001) and LFC (p≤0.225) in the animals with cholestasis (LB<LA). WEB also diminished the significant increase in LFC (p=0.225) in the animals without cholestasis (SA<SB), see Figure 2 and Table 3 .
3) Serum concentration of total cholesterol (TC) and triacylglycerides (TG)
Cholestasis, independent of the effect of WEB, was associated with a statistically significant increase in the serum concentration of TC (p≤0.001) and TG (p≤0.001). WEB was associated with a statistically significant decrease in the serum concentration of TC (p≤0.001) and TG (p≤0.001), independent of cholestasis. WEB diminished the significant increase in TC (p≤0.001) and TG (p≤0.001) as much in the animals without cholestasis (SA<SB) as in those without (LB<LA), see Figure 3 and Table 4 . 
Discussion
Choice of plant under study and use of the experimental model
In spite of its popular use in the treatment of liver disturbances, there are no reports of clinical or experimental studies in the literature of the effects of Coleus barbatus. The only studies found in the literature in which the ligature and common bile duct resection model were employed in the study of natural elements were realized in adult rats to evaluate the effects of the plants Salvia miltiorrhiza 21 ; Camellia 22 and Stephania tetrandra 23 .
Weight gain, total quantity of ingested feed and feed energy utilization.
Weight gain and ingested feed have been frequently used in the evaluation of the nutritional state of animals submitted to ligature of the common bile duct 24, 25 . However, we found no references in the literature on the feed energy utilization of this model. The present study shows that cholestasis, independent of the administration or nonadministration of WEB is associated with a reduction in weight gain, ingested feed and feed energy utilization. Sokal et al. 25 , studied rats with obstructive cholestasis induced by ligature and common bile duct resection, and observed that from P30 to P62 a significant reduction in body weight and feed ingestion occurred, when compared to the control group with sham operation. In another study, Gouma et al. 24 evaluated adult rats weighing 285 to 320g submitted to double ligature of the common bile duct, and concluded that they presented a reduction in feed ingestion.
However, animals that received administration of daily doses of WEB throughout the study, independent of cholestasis, presented a reduction in weight gain, in feed ingestion and energy utilization. These results are in accordance with the study by Almeida et al. 26 , who administered Coleus barbatus extract at a dosage of 880mg/ Kg per day to pregnant rats, in the post embryo implant period, observed a reduction in weight gain and feed ingestion, though they did not study the energy utilization of these animals. The effect of Boldo (WEB) in rats with or without cholestasis was not found in the literature and could be useful in the treatment of obesity if confirmed in intact obese rats, without sham operation, but it could be prejudicial in the treatment of cholestasis. It should be emphasized that the effect of WEB acted in the same in rats with or without cholestasis, which indicates that cholestasis has no influence on this effect.
Liver wet weight and fat content.
Cholestasis increased liver wet weight, reflecting the disposition of connective tissue to the formation of regenerative nodules and ductal proliferation 27 . The administration of WEB produced an accentuated reduction in liver weight with cholestasis to levels inferior to those found in rats without cholestasis and receiving WEB. This finding suggests a hepatoprotective action reducing hepatocytic necrosis and the consequent fibrosis and nodular regeneration. This possible action will form the objective of another publication.
We were also able to observe an increase in liver fat content in the presence of cholestasis, a finding not encountered in the literature. This increase was entirely neutralized by the administration of WEB, which may have interfered in the synthesis and mobilization of liver fat in cholestasis.
Total serum cholesterol and triacylglycerides serum concentrations.
Ligature and common bile duct resection can be used as a model of the alterations of cholesterol metabolism in biliary atresia 28 . Cholestasis increased the serum levels of total cholesterol and triacylglycerides, which is in accordance with the literature 8 . Cooper and Ockner 29 showed that adult rats with selective obstruction of the bile duct presented an increase in the synthesis of cholesterol by the obstructed lobule.
WEB reduced the levels of cholesterol and triacylglycerides in the absence, as well as in the presence, of cholestasis, though this effect was more accentuated in the presence of cholestasis than in the non-cholestatic control animals. In the literature, there are no reports on the effects of Boldo (WEB) which could confirm the evidence of the hepatoprotective action cited above. As the reduction of the serum levels of cholesterol occurred in animals with ligature of the common bile duct we suggest that the increase in cholesterol synthesis is the most significant factor in hypercholesterolemia of cholestasis, rather than the cessation of bile secretion of cholesterol and bile acids.
A reduction in the serum levels of cholesterol and triacylgylcerides in the control animals could suggest the application of WEB in the treatment of hypercholesterolemia and hypertriacylglycerolemia.
Conclusions
A water-soluble extract of Coleus barbatus exerts an effect on the quantity of ingested feed, feed energy utilization and weight gain, as much in the presence as in the absence of cholestasis, in the same proportion. However the effects of WEB on liver wet weight, liver fat content and the serum levels of cholesterol and triacylgylcerides, were more accentuated in the presence of cholestasis.
